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Duplex vs. Angiography 
Sir, 
I read with interest he paper by Sensier et at. (Eur J 
Vasc Endovasc Surg 1996; 12" 238-242) but noticed that 
their use of peak systolic velocity ratio (PSVR) as a 
criteria for a critical stenosis is inconsistent with 
haemodynamic theory and some previous reports. I
feel that this should be highlighted as it indicates a
general confusion about the use of certain Doppler 
ultrasound indices as indirect measures of arterial 
disease severity and the problems of categorical 
patient classification using such indices. 
The functional effect of an arterial stenosis is related 
to the degree of narrowing which is usually measured 
by either the diameter or the area reduction. These two 
measures are not interchangeable ecause the relation- 
ship between them is dependent on the geometry of 
the stenosis: in particular the degree of asymmetry. 
The PSVR is a convenient, non-invasive measure of 
area reduction which, as the authors state, has 
theoretical dvantages over using an absolute increase 
in flow velocity. As the volume flow (Q) through the 
normal and narrowed segments is the same, the 
velocity in the stenosis (vs) increases in inverse 
proportion to the area of the stenosis (As) such that: 
Q = vsA s = v0A 0 
where v 0 is the velocity in the normal vessel of area A 0. 
The PSVR is given by Vs/V 0 which equals A0/A s and 
as the percentage area reduction (PAR) is given by 
(A 0 - As)/A 0, so the relationship between PSVR and 
PAR becomes: 
PAR-- (PSVR-1)/PSVR 
or  
PSVR = 1/(1-PAR) 
Thus, a PSVR of 2.0 is equivalent to a percentage area 
reduction of 50% and is independent of the actual size 
of the vessel or the flow. However, a 50% area 
reduction is equivalent to a 50% diameter reduction 
only for an asymmetric stenosis. A 50% diameter 
axisymmetric stenosis has an area reduction of 75% 
and a PSVR of 4. Thus, using the angiographic criteria 
of a 50% diameter reduction, the equivalent PSVR may 
vary between 2 and 4 depending only on the degree of 
asymmetry of the stenosis. 
Jager et al. used an increase in PSV of 100% 
(PSVR = 2) as their criteria for a 50% diameter reduc- 
tion compared with angiography as the standard but 
presented no rationale for these assumptions. 1 Rosfors 
et at. used the same PSVR threshold of 2.0 for aortoiliac 
stenoses and found, using direct pressure measure- 
ments as the standard, that when there was a disparity 
between angiography and duplex, the disease was 
underestimated by angiography. 2 Legemate etal. used 
the arbitrary criteria of an increase in PSV of 150% 
(PSVR = 2.5) for aortoiliac stenoses 3'4 and found a 
sensitivity of around 75% (i.e. 1:4 false-negatives) 
when compared with direct pressure measurements. 
In contrast, de Smet and Kitslaar found that the 
optimum increase in PSV for aortoiliac stenosis was 
200% (PSVR = 3) using direct pressure measurements 
as the standard and receiver operator characteristic 
(ROC) analysis. 5 Moving down the limb, Leng et al. 
showed that an increase in peak systolic velocity (PSV) 
of 200% (PSVR -- 3) correlated well with angiographic 
assessment of a 50% diameter femoropopliteal sten- 
osis 6 and Whyman et al. successfully used this 
threshold to predict which stenoses were most at risk 
of progressing to a complete occlusion. 7 Thus, the 
optimum PSVR threshold appears to vary with both 
the site of the disease and the standard which is used 
to classify the patients. However, the above reports are 
consistent with the observations that (a) aortoiliac 
stenoses are often asymmetric and that (b) arteriog- 
raphy is not an ideal standard. 
The common objective of many of these studies is to 
replace angiography or direct pressure measurements 
with a more convenient, non-invasive Doppler ultra- 
sound derived equivalent. It must be remembered that 
no test can perform better than the "gold standard" 
with which it is compared and in the final analysis the 
haemodynamic significance of a diseased arterial 
segment is the contribution it makes to limiting the 
total blood flow to the limb, particularly at times of 
increased emand. Neither angiograph~ nor direct 
pressure measurement nor the resting Doppler indices 
attempt o measure the functional reserve of the 
arterial system and so must always be considered a 
secondary assessment method. It should also be 
remembered that the oft-quoted geometric riteria for 
a critical stenosis derived by Mann et aI. 8 and May et 
al. 9 were based on controlled experiments in normal 
animals who had no significant collateral circulation. 
Such simplistic geometric riteria should therefore be 
applied with care to patients with chronic arterial 
disease. 
Thus, in interpreting the Doppler measurements, it 
would seem that the effect of stenosis asymmetry has 
never been taken into account so that no single PSVR 
threshold will separate the functional groups suffi- 
ciently in all situations. To solve this problem apair of 
thresholds derived from ROC analysis could be 
used. 1°'11 The lower threshold (equivalent o the 
maximum specificity for a sensitivity of 100%) could 
be used to exclude significant disease (no false 
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negatives); the upper threshold (equivalent to the 
maximum sensitivity for a specificity of 100%) would 
be used to confirm significant disease (no false- 
positives); and any results that fall between the two 
thresholds represent hose patients who require a 
more accurate, possibly invasive, measurement tech- 
nique in order to make a reliable classification or 
management decision. 
S. Dodds 
Southampton, U.K. 
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PSV ratio not on theor3~ but on a study comparing 
PSV ratios with diameter reduction as seen in arterio- 
grams. Receiver operator characteristic analysis 
showed that a PSV ratio of 2 gave the best "agree- 
ment" with an arteriographic reduction of 50%. We 
refer Mr Dodds to our paper on this subject. I We 
entirely agree that no test can perform better than the 
"gold standard" with which it compared and, indeed, 
we make this very point in our paper. 1
We would disagree with Mr Dodds that the effect of 
stenosis asymmetry has never been "taken into 
account" because he forgets that other authors have 
based their PSV ratios, not on mathematical theory but 
on a comparison with arteriography. 2 Mr Dodds 
suggestion of lower and upper thresholds for PSV, 
although at first sight appealing, are impractical. We 
do, however, agree with Mr Dodds that there are a 
number of problems when trying to develop ultra- 
sonagraphi.c orrelates with arteriographj6 particu- 
larly as arteriography itself is not itself an adequate 
"gold standard". In order to solve this problem, we 
have decided to examine the clinical outcome of 
managing patients based on duplex alone and happily 
we have not found any major problems with this 
approach. 3 
N. London 
Leicester U.K. 
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Author's Reply 
We thank Mr Dodds for the interest he has shown in 
our paper. His comments are directed not at the thrust 
of our paper, but at the use of peak systolic velocity 
ratios as a criteria for a critical stenosis. We are, of 
course, fully aware of the theoretical basis of the peak 
systolic velocity ratio as explained by Mr Dodds and, 
in theory, a PSV ratio of 4 is equivalent to a 50% 
diameter reduction and a 75% area reduction for an 
axisymmetric stenosis. However, we have based our 
Carotid Surgery and Occular Ischaemia 
Sir, 
We would like to congratulate Geroulakos et aI. on an 
interesting and clinically relevant study. 1 We agree 
with them about the debilitating implications of 
reduced ocular blood flow in patients with carotid 
artery disease. The detection of ocular ischaemia in 
patients with carotid stenosis may be used as an early 
index of the degree of vascular compromise occurring 
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